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INTRODUCTION
Football is one of the most complex and demanding disciplines in 
which high sports achievements depend on many closely related 
factors. Due to the energetic aspect of the performance of many 
motor tasks, football is a sport of endurance and speed. It is 
characterised by a high changeability in speed of the game, as well 
as extensive and varied physical activity [4].
During a match at a high sports level the players perform 
approximately 1000 [32], 1300 [3], or 1400 [31] motor activities 
which are repeated in various order and at various moments of   
the game. Changes in these activities depend on the speed of moving, 
the direction in which individual technical elements are performed 
and on following the movements of the opponent. The most important 
forms of a player’s motor activity are: starting from various positions 
and changes in direction, accelerating, multiple runs at a distance of 
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ABSTRACT: The aim of this study was to assess and compare the levels of aerobic performance of young football 
players in various periods of an annual training macrocycle. The study covered a group of fifteen 14-15-year-old 
football players of KKS Lech Poznań S.A. The study was carried out on five dates in key moments of the time 
frame of the annual training cycle (the beginning and the end of the basic preparatory period, the end of   
the spring round of the starting period and the beginning and the end of the autumn round of the starting period). 
In order to establish the level of aerobic performance the subjects performed an exercise test with increasing 
intensity on a Woodway treadmill with a 5% elevation. The initial speed of the treadmill belt was 8 km·h
-1 and 
was increased every three minutes by 2 km·h
-1 until exhaustion. During the exercise test the following physiological 
indicators were recorded on an ongoing basis using the Cardio Pulmonary Exercise computer system (Medical 
Graphics Corporation, USA):  
· VO2, 
· VO2·kg
-1, VE, 
· VO2·HR
-1, RQ, as well as the running speed (V) and the distance 
covered. The values of parameters obtained at the level of the ventilatory threshold and with maximum load 
were analysed. In order to test the significance of differences in mean values between five dates of tests, Friedman’s 
non-parametric analysis of variance (ANOVA) was used. The significance of differences between successive dates 
of tests was tested using post-hoc Friedman’s ANOVA test. The tests showed significant differences in aerobic 
performance of young footballers in individual periods of the annual training cycle. The most favourable changes 
in terms of exercise adaptation of the participants were noted after the basic preparatory period. Then statistically 
significant changes were noted in the majority of the tested physiological parameters both with maximum   
load (MAX) and at the level of the ventilatory threshold (VT). In starting periods, probably as a result of a shift 
in training emphasis towards special loads, their gradual regression was noted.
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several dozen metres (with or without the ball), technical activities 
with the ball, as well as marching and jogging [18].
Depending on the used method of observation of the play during a 
match it is assumed that an average distance covered by the players 
during a football match is from 8 to 12 km [4,32,39,42], whereas the 
value depends on the position of the player and the adopted tactics 
and is highly correlated with the level of  
· VO2max. A review of 
the literature [36] indicates that the longest distances (approx. 15 km) 
are covered by the players of the English league. According to   
Barros et al. [6] the longest distance is covered by fullbacks (10.6 km), 
followed by central and wide midfielders (10.5 km). Central defenders 
cover the shortest distance (9 km) during 90 minutes of play.
The overall distance covered by footballers in a match includes 
on average: 24% marching, 36% jogging, 20% running with 
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submaximal intensity, 11% sprinting and 7% running backwards 
[32]. Each of the above forms of motor activity is carried out at 
various distances, with very significant frequency of exertion.   
Only 2% of the total distance involves activities with the ball.
The analysis of the match heart rate (HR) and lactate concentration 
indicates that football involves interrupted exertions with varying 
intensity. The range of HR during a match is usually 155 to   
170 beats·min
-1 [2,39], which corresponds usually to 85% of HRmax 
and corresponds to the energy requirement of 70-75%  
· VO2max [32,37]. 
The heart rate depends not only on the speed of the game, but also 
on the position of the player in the team. Van Gool et al. [42] showed 
that mean values of HR are for defenders 155, midfielders 170, and 
forwards 171 beats·min
-1. They also noted that mean value of heart 
rate after the first half of the match is higher (169 beats·min
-1) than 
after the second half (165 beats·min
-1) and depends on the distance 
covered. The energy expenditure during the game is close to   
the anaerobic threshold (AT), exceeding it sporadically (but sometimes 
quite significantly) [3,34,42]. The study of Strøyer et al. [37] indicates 
that mean values of heart rate in young footballers during a match 
are higher than values noted in senior footballers: 173-177 beats·min
-1 
in pubertal boys and 173-178 beats·min
-1 in boys in the final stage 
of puberty.
In the phases of the game when the players perform high intensity 
exertions there is a significant increase in the rate of glycolysis, which 
results in an increase in concentration of lactic acid (LA). The study 
of Ekblom [20] carried out on footballers of a professional Swedish 
league showed that the mean concentration of LA after the first half 
of the match was 9.5 mmol·l
-1, and 7.2 mmol·l
-1 after the end of 
the match. Rohde and Espersen [35], studying players at half time 
and after the match of the Danish 1
st league, obtained mean values 
from 3 to 6 mmol·l
-1. Also the study of Bangsbo [3], Thatcher and 
Batterham [39] confirmed that a mean concentration of LA in blood 
of highly qualified players after the match is at the level of   
4-6 mmol·l
-1. The study of Capranica et al. [13] indicated on 
the other hand that the mean concentration of LA in young footballers 
after a match was 3.1 – 8.1 mmol·l
-1.
Taking into account the motor and energetic characteristics of   
the game, a condition for efficient performance of a footballer is   
a high level of performance – both aerobic and anaerobic [24,34,36]. 
Aerobic performance allows for more economical and effective   
carrying out of pitch activities without visible symptoms of fatigue 
and significantly contributes to a faster rate of recovery during breaks 
between more intensive exertions (mainly anaerobic-lactate ones).   
The studies of Bangsbo [2] prove that as many as 98% of the energy 
used during a match is covered by aerobic metabolic processes. 
Maximum stimulation of anaerobic processes during a game of football 
may only cover approximately 2% of the energy used. It should be 
remembered that sprints and accelerations during the game, which 
very often occur in series, activate aerobic processes. Thus, energetic 
securing of muscle work during a game of football requires the use of 
almost all metabolic paths: a) aerobic, b) aerobic-anaerobic,   
c) anaerobic-glycolytic, d) anaerobic-phosphagenic. Specific proportions 
between the above components are determined mainly by individual 
functional performance predispositions of a player, as well as tactical 
position on the pitch and volitional involvement in the game.
The aim of this study is to assess and compare the level of aerobic 
performance of young footballers in various periods of an annual 
training macrocycle.
MATERIALS AND METHODS 
Participants. The participants of the study were a group of fifteen 
14-15-year-old  football  players  of  KKS  Lech  Poznań  S.A.   
All observations which are the basis of the discussion in the article 
were carried out in the key points of the time frame of an annual 
training cycle: January – the 1st date of tests before the start of   
the basic preparatory period, March – the 2nd date of tests at   
the end of the basic preparatory period and the beginning of   
the spring starting period, June – the 3rd date of tests at the end of 
the spring starting period, September – the 4th date of tests at   
the end of the shortened preparatory period and the beginning of   
the autumn starting period, November – the 5th date of tests at the 
end of the autumn starting period. The above division is justified by   
the physiological diagnosis of the state of trainedness in football.
Methodology of physiological tests. All laboratory tests were carried 
out in the morning in a specialist Functional Tests Laboratory of   
the Human Physiology Chair of the University School of Physical 
Education in Poznań, two hours after a standard meal. Before the test 
all participants were informed in detail about its aim, procedure, as 
well as their right to refuse to continue the exertion at any time.   
The programme of the study was accepted by the Local Committee 
for Ethics in Scientific Research. Also, the written consent of   
the parents of the boys taking part in the tests was obtained.
Parameter I II III IV V
Height (cm) 170.7±7.29 171.1±6.79 172.1±6.96 173.1±7.05 174.5±7.17
Weight (kg) 58.4±9.36 58.5±9.39 60.0±9.56 61.5±9.53 63.6±9.77
BMI (kg/m2) 19.9±2.18 19.9±2.19 20.2±2.24 20.4±2.28 20.8±2.27
TABLE 1. ANTHROPOMETRIC CHARACTERISTICS OF THE STUDIED PLAYERS OF KKS LECH POZNAŃ S.A.
Legend: I - the 1st date of tests before the start of the basic preparatory period, II– the 2nd date of tests at the end of the basic preparatory period and the beginning of 
the spring starting period, III– the 3rd date of tests at the end of the spring starting period, IV– the 4th date of tests at the end of the shortened preparatory period and   
the beginning of the autumn starting period, V – the 5th date of tests at the end of the autumn starting period.  
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Aerobic performance test. In order to determine the level of aerobic 
performance the participants carried out test exertion of increasing 
intensity on a Woodway mechanical treadmill with a 5% elevation. 
The initial speed of the belt was 8 km · h
-1 and it was increased by 
2 km · h
-1 every 3 minutes until exhaustion. During the exercise test 
the following parameters were registered on an ongoing basis using 
the Cardio Pulmonary Exercise computer system (Medical Graphics 
Corporation, USA): current one-minute oxygen uptake ( 
· VO2), relative 
value of one-minute oxygen uptake ( 
· VO2 · kg
-1), pulmonary ventilation 
during exercise (VE), aerobic heart rate ( 
· VO2 · HR
-1), respiratory 
quotient (RQ), as well as the speed of running (V) and the distance 
covered. The heart rate was measured using a Polar Accurex Plus 
sport-tester (Finland). The values of the parameters obtained at   
the level of the ventilatory threshold (VT) and with maximum load 
were taken into account in the analysis. On the basis of the above 
parameters the percentage of the maximum oxygen uptake and 
maximum heart rate at the ventilatory threshold were calculated.
The ventilatory threshold was determined on the basis of a computer 
analysis of the following parameters: the amount of exhaled carbon 
dioxide, respiratory quotient, oxygen and ventilatory quotient, 
respiratory rate, and end-tidal O2 tension (PETO2).
Methods of statistical analysis. For all tested parameters the following 
descriptive statistics were calculated: arithmetic mean (x −   )and 
standard deviation (SD). The assessment of conformity of distribution 
was tested with the Shapiro-Wilk test. As a critical level of 
significance p=0.05 was adopted. In order to test the significance 
of differences in mean values between five dates of tests, Friedman’s 
non-parametric ANOVA was used. Significance of differences 
between subsequent dates of tests, i.e. 1
st vs. 2
nd, 2
nd vs. 3
rd, 
3
rd vs. 4
th, and 4
th vs. 5
th, was tested using post-hoc Friedman’s 
ANOVA test. Statistical analysis was carried out using the STATISTICA 
program.
Control of training loads. The subject of analysis was training loads 
applied at the time of the study. The applied training loads programme 
aiming to improve exercise capacity of the participating players had 
a comprehensive character. In the preparatory periods (the basic one 
and the shortened one), and, first of all, in sub-periods of general 
preparation, versatile loads prevailed. While in the basic preparatory 
period the sub-period of general preparation took five microcycles, 
in the shortened preparatory period it took only two microcycles.   
The most often used means of versatile preparation were general 
warm-ups, supplementary sports and continuous and changeable 
runs. A classic basic microcycle of this sub-period usually included 
eight training units, of which at least two were carried out outside 
and had a strict form. Moreover, three training units contained in 
their structure development of aerobic endurance. However, here   
a task-oriented, play form, fragment of play, as well as task-oriented 
and school games were introduced. The scope of intensity during 
these training units was within individual values of players [HR/AT]. 
So from the point of view of energy area the exercises were loads 
carried out in terms of maintaining, aerobic and mixed intensity.
In football the basic training cycle in the starting period is a weekly 
microcycle defined by the time between matches. Here the selection 
of appropriate training loads is a significant element supporting 
exercise capacity developed in the preparatory period, but also not 
allowing for unfavourable fatigue changes to occur. A training 
microcycle from this period contained 6-7 training units in which 
special loads prevailed mainly (training methods directed at developing 
football skills). On the first day of the week training loads were directed 
towards aerobic work and their aim was, among other things, levelling 
fatigue changes arising from playing a competitive match. The greatest 
loads were used on the second and third days of the week. At this 
time most exercises were organised in the special area using a wide 
range of technical and tactical exercises and games. On the fourth 
and fifth days of the weekly microcycle, apart from elements of general 
endurance, a plan of special preparation of players for the next match 
was carried out. It was based on using technical and tactical exercises 
taking into consideration the next match. In order not to allow chronic 
fatigue changes the range of loads was at an average and low level, 
and in training classes anaerobic and non-lactate work prevailed.
RESULTS 
Table 2 presents mean values of physiological indicators at maximum 
load (MAX) and at the ventilatory threshold (VT) in players of   
KKS Lech Poznań S.A. on subsequent dates of tests. The table also 
presents the results of Friedman’s ANOVA analysis of variance on five 
dates of tests with the results of post-hoc Friedman’s ANOVA test 
between consecutive dates for comparable physiological parameters.
The analysis of the above material indicates significant differences 
in the range of changes in effort tolerance of young footballers in 
individual periods of an annual training cycle. This referred to 
physiological parameters obtained both at maximum load (MAX) and 
at the level of the ventilatory threshold (VT).
In terms of the values achieved by young footballers at maximum 
loads the most favourable changes in reference to effort adaptation 
of the tested people were noted during tests carried out between the 
1
st and 2
nd dates of tests. Then statistically significant changes in 
terms of most of the studied physiological indicators were noted.   
This is confirmed by changes observed in the basic indicator of aerobic 
performance that is maximum oxygen uptake, where significant 
differences were noted at the level of p<0.01. The highest mean 
value of the indicator in question was noted in the participants on 
the 2
nd date of tests, namely 58.70 [ml·kg
-1·min
-1]. 
A similar tendency of changes was also noted in the case of 
maximum value of pulmonary ventilation during exercise [VEmax], 
which  between  the  1
st  and  2
nd  date  of  tests  differentiates 
the participants at the confidence level p<0.01.
Observation of changes in selected circulatory and respiratory 
physiological indicators was focused on the maximum heart rate and 
maximum oxygen pulse. A detailed analysis [HRmax] showed a falling 
trend in our study. No statistically significant differences in   
the analysed indicator were noted between successive dates of tests.   
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Analysing the maximum value of the oxygen pulse, similar results 
were obtained by the tested players, and differences were only noted 
between the 1
st and 2
nd dates (p<0.01).
The mechanical effect of the performed test work was illustrated 
in our study by the maximum running speed and total distance 
covered. The highest mean value [Vmax] was achieved by the young 
players of KKS Lech Poznań S.A. on the 2
nd date of tests with 
a result 14.67 [km·h
-1], which was confirmed by participants 
covering the longest distance of 1968.93 [m]. On the basis of   
a detailed analysis its was found that the values of maximum 
running speed noted on the five dates of tests were similar. They 
differentiated between the participants only between the 1
st and 
2
nd dates (p<0.01). A different nature of changes was also noted 
in the distance covered by young footballers during the exercise 
test. Statistically significant differences were noted between   
the 1
st and 2
nd and the 4
th and 5
th tests at the confidence level of 
p<0.05.
A similar direction of changes as in the case of maximum values 
was noted in observation of threshold values of the studied indicators 
achieved by young players of KKS Lech Poznań S.A. In the analysis 
of the value of one-minute oxygen uptake at the ventilatory threshold, 
the highest value was achieved by the participants on the 2
nd date 
of tests, with a result of 49.64 [ml·kg
-1·min
-1]. A statistically 
significant difference was noted only between the 1
st and 2
nd dates 
(p<0.01).
In terms of threshold one-minute pulmonary ventilation during 
exercise, statistically significant changes were noted between   
the 2
nd and 3
rd dates of tests (p<0.05).
Indicators I  II III IV V
ANOVA  
Friedmana test  
(post hoc)
Physiological indicators at maximum load (MAX)
VO2max
51.47±3.944 58.70±4.434 56.88±3.770 53.49±4.099 53.65±4.979
28.43**
(ml·kg
-1·min
-1) (IvsII**)
VEmax 87.47±17.594 105.40±15.555 103.27±19.470 96.87±17.968 96.00±15.501
27.74**
(l·min-1) (IvsII**)
HRmax 200.33±5.499 199.00±5.542 198.80±6.178 196.67±5.205 195.80±5.821
26.42**
(sk·min
-1) ns
Vmax 12.53±1.187 14.67±0.976 14.27±0.704 13.87±0.516 14.00±0.000
34.26**
(km·h
-1) (IvsII**)
VO2max·HRmax
-1
14.82±2.493 17.52±3.126 17.19±2.862 16.91±2.905 16.83±2.518
26.89**
(ml) (IvsII**)
Distance
1527.93±292.82 1968.93±438.058 1852.33±88.028 1759.87±108.542 1445.93±188.357
26.81**
(m) (IvsII*&IVvsV*)
Physiological indicators at the ventilatory threshold (VT)
VO2VT
42.81 ± 3.915 49.64±3.032 47.20±3.992 45.35±4.112 43.57±5.248
28.40**
(ml·kg
-1·min
-1) (IvsII**)
VEVT
77.07 ± 13.946 86.93±13.724 78.60±12.182 81.60±12.141 72.20±12.313
20.80**
(l·min
-1) (IIvsIII*)
HRVT
180.93 ± 5.444 180.53±5.290 178.47±5.125 176.60±4.469 174.60±5.221
42.09**
(sk·min
-1) ns
VVT
11.67 ± 0.900 13.60±0.828 12.60±0.828 12.80±0.775 12.27±0.458
32.92**
(km·h
-1) (IvsII**)
VO2VT·HRVT
-1
13.70 ± 2.385 16.37±2.760 15.71±2.464 15.78±2.458 15.35±2.713
17.48**
(ml) (IvsII**)
%VO2max
83.19 ± 4.744 84.77±4.435 82.97±7.204 84.84±5.021 81.20±6.341
8.43ns
(%) ----
%HRmax 90.32 ± 1.060 90.77±0.939 89.69±1.305 89.88±1.043 89.17±1.062
19.93**
(%) ns
Note: ** p<0.01;  *  p<0.05; ns – no statistically significant
I - the 1st date of tests before the start of the basic preparatory period, II– the 2nd date of tests at the end of the basic preparatory period and the beginning of the spring 
starting period, III– the 3rd date of tests at the end of the spring starting period, IV– the 4th date of tests at the end of the shortened preparatory period and the beginning 
of the autumn starting period, V – the 5th date of tests at the end of the autumn starting period.
TABLE 2. DESCRIPTIVE CHARACTERISTICS (MEAN ± STANDARD DEVIATION) OF PHYSIOLOGICAL INDICATORS AT MAXIMUM 
LOAD (MAX) AND AT THE VENTILATORY THRESHOLD (VT) IN PLAYERS OF KKS LECH  POZNAŃ S.A. WITH VALUES OF  SIGNIFICANCE 
OF DIFFERENCES BETWEEN SUCCESSIVE DATES OF TESTS.
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The threshold value of heart rate HRVT [beats·min
-1] was lower in 
each consecutive test, reaching its lowest value of 174.60 [beats·min
-1] 
in the 5
th test.
While significant differences were noted between the five dates 
of tests in the case of percentage values of heart rate [%HRmax], 
this trend was not noted in reference to percentage values of one-
minute oxygen uptake (%  
· VO2max).
The threshold running speed VVT [km·h
-1], similar to maximum 
values, showed statistically significant differences only between   
the 1
st and 2
nd dates of tests (p<0.01). The highest value of 
the indicator in question was achieved by the players on the 2
nd date, 
with a result of 13.60 [km·h
-1]. A course of changes similar to 
the threshold value of running speed was noted also in the case of 
threshold values of oxygen pulse, for which there were statistically 
significant differences between the 1
st and 2
nd dates of tests (p<0.01).
DISCUSSION 
An objective assessment of adaptive changes caused in a player’s 
body by training loads requires the application of various tests to 
precisely specify the nature of these changes. One of the basic 
elements of physiological diagnosis is aerobic performance [4]. 
According to Bangsbo and Michalsik [5], aerobic performance is 
determined by aerobic power and capacity. The former of the two 
components reflects the ability to produce aerobic energy at high 
speed and is characterised by a maximum oxygen uptake. The latter 
expresses the ability to maintain the high intensity effort for a longer 
time and is synonymous with endurance. According to Reilly [34] 
and Bangsbo [3], aerobic performance is not only a biological 
foundation of endurance, but significantly favours acceleration and 
increase in recovery processes in very intensive interval exertions 
which take place during a game of football. The above-mentioned 
maximum oxygen uptake ( 
· VO2max) is generally believed to be the best 
measure of aerobic performance [43]. According to Bassett et al. [7], 
the greater the oxygen uptake, the greater the effort tolerance of   
a player, irrespective of the sport. It is assumed that by using sports 
training it is possible to improve the above effort tolerance by   
20-25% compared to the initial values [40]. In the light of many 
studies [29,30,38], changes in maximum oxygen uptake in reference 
to a training cycle are most reliable in young players, with   
an unstabilised level of their effort tolerance.
The above observations are also confirmed by the current study, 
indicating high differences in the level of  
· VO2max in the players of 
KKS Lech Poznań S.A. in individual periods of an annual macrocycle. 
The range of variation in the whole analysed period was from 
51.5 ml·kg
-1·min
-1 to 58.7 ml·kg
-1·min
-1 (Table 2). The direction of 
changes in  
· VO2max showed the above-mentioned (after the end of 
the basic preparatory period) statistically significant increase (p<0.01, 
Table 2), and then a gradual decrease in subsequent tests. Similar 
changes in this indicator in reference to selected training periods of 
a many-year macrocycle of training were noted in 16-17-year-old 
footballers  of  Szkoła  Mistrzostwa  Sportowego  (SMS  Sport 
Championship School) in Gdańsk [26]. Reilly et al. [33] in their 
review of literature on physiological determinants of the game of 
football of young, highly trained players, published data indicating 
that  
· VO2max at the age of 14 to 17 years ranges from 57.7±6.8 to 
62.0±2.0 ml·kg
-1·min
-1. Similar values of  
· VO2max in the discussed 
age (U-14 56±2 ml·kg
-1·min
-1, U-15 58±2 ml·kg
-1·min
-1, 
U-17 62±2 ml·kg
-1·min
-1) are also confirmed by the recent study 
of Gil et al. [22]. The studies of Heller et. al. [24] provide interesting 
information which indicates that 16-year old Czech juniors obtained 
higher mean values of  
· VO2max compared to seniors (59.9 ml·kg
-1·min
-1 
vs. 58.2 ml·kg
-1·min
-1). The results of a number of other reports 
indicate [33] that  
· VO2max in adult footballers ranges from 56 to 
69 ml·kg
-1·min
-1 and to some extent is related to the player’s position 
in the field. 
One of the basic physiological indicators illustrating the condition 
of a body’s involvement in physical exertion, as well as generally 
informing about the adaptation of the circulatory system to physical 
work, is the heart rate. It is generally accepted that its maximum 
values (HRmax) do not undergo great post-training changes [15,16]. 
In the current study a tendency to a gradual decrease in HRmax was 
noted. The narrow range of variation for the whole material was 
from 200 to 196 beats
.min
-1. The above tendency should probably 
be attributed to developmental processes. The study of Cempla [16] 
on developmental changes of selected exercise indicators in boys 
after the pubertal stage of development indicated a clear falling trend 
in the maximum heart rate with age, and a significant yearly fall in 
the above values took place in boys in the year before the 15
th 
birthday.
Another characteristic phenomenon in the developmental period 
is a gradual increase in effectiveness of pulmonary ventilation during 
exercise. In the current study the changes in maximum pulmonary 
ventilation during exercise (VEmax) were clearly related to the course 
of maximum oxygen uptake. The lowest values of this indicator   
(87.5 L·min
-1)
 were noted on the 1
st date of tests, and the highest 
(105.4 L·min
-1) on the 2
nd date of tests, after which their gradual 
regression was noted. Similar to  
· VO2max·kg
-1, the greatest differences 
in VEmax related to the tests between the above 1
st and 2
nd dates of 
tests (p<0.01, Table 2). The studies of Cempla [17] indicate that 
the values of VEmax achieved by non-training boys aged 14-15 years 
are on average 90-94 L·min
-1. During maximum physical exertion 
in 1
st division footballers VEmax of 105 to 190 L·min
-1 was noted, 
and in juniors of Sports Championship Schools 98-170 L·min
-1 [41].
Also, maximum aerobic heart rate ( 
· VO2max·HRmax
-1) remained in 
close relation with  
· VO2max·kg
-1. It illustrates the relation between 
the oxygen supply to tissues and the basic value characterizing   
the functions of the circulatory system, that is the heart rate.   
The range of changes in the indicators in question was from   
14.8 ml to 17.5 ml (Table 2). The difference, as the only one for   
the whole period of observation, was statistically significant (p<0.01, 
Table 2). The values of  
· VO2max·HRmax
-1 quoted above are typical for 
teenagers playing football [1].  
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The final running speed and the distance covered, which provide 
a measure of the maximum exercise load, are an effective side of   
the energy potential of a player. They are in a close relation with   
the level of aerobic performance, which theoretically determines them. 
This was also confirmed by the current study indicating identical 
fluctuations of the above indicators in relation to  
· VO2max, VEmax and   
· VO2max·HRmax
-1.
In the latest diagnostics of the process of training management 
the so-called “anaerobic threshold” (AT) is used more and more 
commonly [40]. In order to establish the anaerobic threshold   
a number of both invasive and non-invasive methods are used.   
In football training practice the most frequently used method is based 
on establishing the concentration of lactic acid in blood during an 
exercise test with a gradually increasing intensity and establishing 
using interpolation a load which corresponds to the level of   
LA concentration equal to 4 mmol·l
-1 (called the lactate threshold) 
[14,25]. Recently non-invasive methods of determining the aerobic 
threshold have been used more and more commonly. Among them 
a popular one is the ventilatory threshold (VT), established on   
the basis of gasometric indicators [11,12].
Among many established threshold indicators – according to 
Jastrzębski [25] – the threshold running speed (VVT) shows 
the greatest diagnostic qualities in assessing the effectiveness of   
the applied football training. It informs about the dynamics of 
adaptive mechanisms of the body under the influence of applied 
training loads. 
In the current study, as expected, the highest values of this 
indicator were noted after the basic (the 2
nd date of tests) and 
shortened (the 4
th date of tests) preparatory periods, 13.6 and 
12.8 km·h
-1, respectively (Table 2). Lower values of VVT were noted 
after the spring (the 3
rd date of tests) and autumn (the 5
th date of 
tests) starting periods, 12.6 and 12.3 km·h
-1, respectively (Table 2). 
Also the studies of other authors [8,19] showed that the level of VVT 
in senior footballers after starting periods is significantly lower than 
the one noted after preparatory periods. Significant differences in   
the analysed indicators in the current study were noted only between 
the 1
st and 2
nd dates of tests (p<0.01, Table 2).
According to Kindermann et al. [28], high class footballers should 
be characterised by a level of threshold values expressed as a running 
speed exceeding 4 m·s
-1.
Kalapotharakos et al. [27] in a study of three Greek 1
st division 
teams showed that mean values of VAT are at the level of 3.88 m·s
-1 
(in the team at the top of the table), 3.69 m·s
-1 (in the team in 
the middle of the table), and 3.66 m·s
-1 (in the team at the bottom 
of the table). Significant differences in threshold running speed were 
noted in 81 Turkish players taking into account their position in   
the field [44]. Forwards and defenders had higher values of   
VAT (3.9 m·s
-1 and 3.8 m·s
-1, respectively) compared to midfielders 
and goalkeepers (3.7 m·s
-1 and 3.5 m·s
-1, respectively). An identical 
level of the threshold running speed, 3.6 m·s
-1, was noted in 
a 1
st division Spanish team after the end of the season [14].
 
A threshold level characterised by percentage values of maximum 
oxygen uptake and maximum heart rate (%  
· VO2max and % HRmax), 
apart from threshold running speed, is the most frequent measure 
of training effect given in the literature. The higher the level of 
metabolic adaptation to a given physical work, the higher the values 
of %  
· VO2max and % HRmax at the level of AT. The results of studies 
by many authors show [9,10,11] that highly trained athletes in 
various sports disciplines are able to achieve threshold values of   
 
· VO2 and HR at a level exceeding 80% of  
· VO2max and 90% of HRmax, 
respectively. It was also noted [9,11] that the values of the above 
threshold indicators for highly trained young and adult players are 
practically the same. In the current study, due to the parallel changes 
in  
· VO2max and  
· VO2VT, referred to above, percentage values of maximum 
oxygen uptake were characterised by very small changes, from   
81.2%  
· VO2max (the 5
th date of tests) to 84.8%  
· VO2max (the 4
th date 
of tests). There was also a narrow range of changes of percentage 
values of maximum heart rate (from 89.2% HRmax on the 5
th date 
of tests to 90.8% HRmax on the 2
nd date of tests). While significant 
differences were noted between the five dates of tests for percentage 
values of heart rate [%HRmax], this trend was not noted for percentage 
values of one-minute oxygen uptake (%  
· VO2max).
The results indicate that in the aspect of continuous study   
the indicators do not play such a significant role in the assessment 
of effort tolerance as they have been attributed [34]. Thus, it seems 
that using absolute values of a given property is better (e.g.  
· VO2VT·kg
-1, 
VVT, HRVT etc.).
Threshold values of one-minute oxygen uptake during exercise   
( 
· VO2VT·kg
-1) remained, as mentioned above, in a close relation with 
their maximum level ( 
· VO2max·kg
-1). The lowest values of this indicator 
(42.8 ml·kg
-1·min
-1) were noted on the 1
st date of tests, while 
the highest (49.6 ml·kg
-1·min
-1) were noted on the 2
nd date of tests, 
after which their gradual regression was observed. 
A significant indicator from the point of view of training practice 
is recording heart rate at the level of the anaerobic threshold 
(HRVT). The knowledge of this indicator makes it possible to 
select training loads individually, as well as to control on an 
ongoing basis the intensity of exertion in players during a training 
unit.
As in the case of maximum heart rate, a one-directional course 
of changes was noted here, characterised by constant lowering of 
the value on successive dates of tests. The range of variation of HRVT 
was from 181 to 175 beats
.min
-1. The mean value of HRVT for 
the whole tested team was 178 beats
.min
-1, which amounted to 
approximately 90% of HRmax. 
The recent studies of Emre et al. [21] indicate that mean threshold 
HR values in young Turkish players from an elite club were at   
the level of 170.3 contractions·min
-1 (U-17), 175.3 contractions·min
-1 
(U-19) and 177 contractions·min
-1 (U-21). The results obtained in 
the current study confirm a fact well documented in the literature 
that the level of threshold heart rate in young players is higher than 
that noted in senior footballers [9,11].  
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Periodisation of sports training and related changes in training 
loads in individual training periods therefore have a direct impact on 
the level of exercise adaptation in players. The analysis of tests of 
footballers of KKS Lech Poznań S.A. showed significant differences 
in their aerobic exercise capacity in individual periods of the annual 
training cycle. The most favourable changes in respect of exercise 
adaptation of the tested players were noted after the basic preparatory 
period (Test 2), and taking into account the most diagnostic threshold 
indicators also after the shortened preparatory period (Test 4).   
In the analysis of character of training in the preparatory periods   
a significant domination of loads of the versatile work type in   
the total load was noted. The above loads and the global volume of 
work reached here the highest level compared to other training 
periods. Considering the share of training methods used in   
the analysed period, the methods of versatile preparation, typical for 
the accumulation stage, deserve particular attention, i.e. various 
forms of continuous and changeable running and general warm-ups. 
Also simplified and task-oriented games were of high significance 
here, aimed among other things at developing general endurance by 
appropriately selected technical and tactical elements of the game. 
It seems, however, that the greatest importance for the improvement 
of exercise capacity was first of all individualised (at the level of 
lactate threshold), varied forms of continuous and changeable running. 
In the starting periods, probably as a result of a shift in training 
emphasis towards special loads, the level of aerobic performance 
was gradually lowered. Jastrzębski and Szwarc [26] believe that this 
is a tendency characteristic for team sport games. This is also 
confirmed by observations of other authors [8,23,26], who indicate 
the above changes in aerobic performance during the season, probably 
resulting from the classic structure of an annual training cycle in 
football.
In our study the least favourable direction of changes was noted 
after the autumn starting round (Test 5) when (except for the 1
st date 
of tests) the lowest level of most maximum and threshold physiological 
indicators was noted (Table 2). According to the training assumptions 
special loads prevailed in this period. Versatile loads were aimed at 
maintaining the level of aerobic performance achieved earlier. These 
observations indicate that the applied loads determine mainly   
the development of adaptation processes in terms of aerobic 
performance of young players. Heller et al. [23] suggest that 
a 20-minute continuous run of an intensity corresponding to   
the anaerobic threshold applied additionally once or twice a week 
in the starting periods allows the players to maintain for a longer 
time a high exercise functional fitness of the body, preventing it from 
lowering significantly at the end of the starting periods. It seems that 
this type of training loads (of slightly lower volume) should also take 
place in individual microcycles of the starting period of young 
footballers.
CONCLUSIONS 
1. Periodisation of sports training and related changes in training 
loads in individual periods of an annual training cycle of footballers 
of KKS Lech Poznań S.A. directly affected the course of effort 
adaptation in terms of aerobic effort tolerance. This related in 
particular to the basic preparatory period, when favourable statistically 
significant changes in most physiological indicators were noted.   
In starting periods their gradual regression took place, probably due 
to the shift in training emphasis toward special loads.
2. The level of diagnostic physiological indicators recorded in   
the tested players was good compared to the values obtained by 
other authors who assessed the level of aerobic performance.   
This makes it possible to develop later (at the age of a senior) a high 
level of aerobic endurance and performance.
3. Comprehensive tests of aerobic performance used in monitoring 
of sports training of young footballers fully meet the requirements in 
terms of identification of direction and range of changes in exercise 
adaptation of the studied people, and thus make it possible to 
individualise training loads.
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